Abstract. The hand grip assistive device is a glove to assist old people who suffer from hand weakness in their daily life activities. The device earlier control system only use simple on and off switch. This required old people to use both hand to activate the device. The new control system of the hand grip assistive device was developed to allow single hand operation for old people. New control system take advantages of electromyography (EMG) and flex sensor which was implemented to the device. It was programmed into active and semi-active mode operation. EMG sensors were placed on the forearm to capture EMG signal of Flexor Digitorum Profundus muscle to activate the device. Flex sensor was used to indicate the finger position and placed on top of the finger. The signal from both sensors then used to control the device. The new control system allowed single hand operation and designed to prevent user from over depended on the device by activating it through moving their fingers.
Introduction
In most of developed world countries, it is accepted that the age of 65 years old is the age of old people while the United Nation (UN) agreed that 60 years old or more is an age that used to refer the older population [1] . There is no specific age range for old age. However, old age always refers to an age that close or exceed the life expectancy of human beings.
In current global population trend, it is shown that there is increasing numbers of old people from total population. Old people whose their age is more than 60 years toke up 9.2 percent of the global population in 1990 and it increased to 11.7 percent in 2013. By 2050, it is expected that the population of old people to increase to 21.1 percent [2] . The increasing numbers of old people population is due to the fact that currently, the world is experience the declining of birth rate from years to years. As in 1950, the crude birth rate (number of live birth per 1,000 people per year) is 37.0 and decreased to 20.6 in 2000 and expected to continue decrease to 13.4 in 2050 [3] . Besides that, the increasing of the life expectancy years in current population also contributed to the increasing of the old people population as in 2015, the global life expectancy from birth is 71.4 years and from 2000 to 2015, there is high increase of global average life expectancy by 5 years [4] .
The increases of old people population will lead to the increase of demand in health care as old people are more susceptible to suffer diseases and syndromes. They also suffer from decrease of physical capabilities. These make it difficult for old people to carry out daily life activities such as standing, walking, chores, exercises and many more. Hand is one of the important parts of human body that can be deteriorated in function capabilities due to ageing factor. Old people hand become weak and having difficulty to do basic movement of hand such as gripping, pinching, eating and wearing clothes. Therefore, to help old people to overcome this hand weakness problem and to assist them in their daily life activities, devices which help to amplify the hand strength is needed.
Several researches have been conducted in developing device that aims to amplify hand function. The device take form of hand exoskeleton which is not just limited for old people that suffer from hand weakness but also for other application that required to amplify the hand strength and rehabilitation. The hand exoskeleton can be classified into its purpose, power transmission mechanism, actuator and intention sensing method [5] .
Hand exoskeleton purpose can be divided into two which are for hand rehabilitation [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] to regain the loss hand function due diseases such as stroke. Another purpose of hand exoskeleton is for assistance [16] [17] [18] [19] which used to assist the hand function such as for hand weakness of old people.
Hand grip assistive device was also developed to provide assistant for old people whose suffer from hand weakness especially during gripping activities. The hand grip assistive device is shown in Figure 1 .
The device use tendon driven mechanism [12, 16] as it power transmission mechanism to move the finger which allow the finger to flex. It was powered by electric motor [6-12, 16, 19 ] to actuate the three fingers which are thumb, index and middle finger. Single rotary motor was used in the device to keep the minimum weight. The motor was attached with clutch gear system as shown in Figure 2 . The purpose of clutch gear system is to allow the motor to pull the driven cable and also free up the cable. However, the control system for this device is quite lacking as user need to push button manually to activates it. In this paper, a new control system for the hand grip assist device was introduced. The control system takes advantages of the input from two sensors. The first sensor is electromyography (EMG) [7, 18, 20] . The EMG sensor was use to obtain EMG signal from the muscle. The second sensor is flex sensor [15] . This sensor was placed on top of finger. The function of flex sensor is as an indicator for finger during flexing and extending. Both signal from the sensors then feed into a microcontroller and gives output signal to control the actuator of the hand grip assistive device.
In the new control, the user can experienced two mode of usage in the same device. First mode is semi-active. In semi-active mode, the user will only need to move their hand a little bit and the device will support their gripping until the end. The second mode is known as active. When the user moves their hand, the device will support their gripping a little bit and user needs to move their hand again to make the device support more. Active and semiactive modes have advantages to promote user who suffer hand weakness to use their hand and not too depended on the device. On the safety sides, the device has built in safety switch for emergency stop. Besides that, the flex sensor also uses to prevent hyper flexing which safety program is built in the microcontroller. This measure was taken to prevent any accident that may occur to the user.
Methodology

Control Hardware and Sensors
First step of the device improvement was to implement sensors on the hand grip assistive device. This is to replace the used of manual switches that was implemented on the device previously. There are two type of sensor was used. First is an electromyography (EMG) sensor shown in Figure 3 , which use to acquire EMG signal from muscle movement. In this research, the EMG sensor was used to acquire the EMG signal from Flexor Digitorum Profundus muscle that was mainly used to flexing fingers of hand. The second sensor is flex sensor as shown in Figure 4 that was used as indicator during the finger flexing. The sensor was placed on top of the finger, so that when the finger flex, the sensor also bend along with the finger which will give input signal to the microcontroller. The input signal of the flex sensor was depended of how much the sensor strip was bended. The input signal from both sensors were sent to the microcontroller and the microcontroller will give out output signal to control the motor. The overall control flowchart is shown in Figure 5 . 
Control Programming
The control program for the hand grip assistive device consists of three parts. The first part of the program is threshold reading program and the flowchart of the program shown in Figure 6 . The program initializes to set the threshold value for EMG signal. During the program, user needs to move their hand for several times in a time range that was set. The program will capture the average maximum and minimum value of the EMG signal. From the value, threshold for EMG signal was produced. The value was used in active and semi-active mode program.
Figure 6. Threshold reading programming flowchart
The other two parts of program is mode program. There are two types of mode for the user using the hand grip assistive device which are semi-active and active mode. The semi-active mode program flowchart is shown in Figure 7 . The semi-active mode start with the EMG sensor acquiring the EMG signal from the muscle and compared the obtain signal with the threshold value. If the comparison is larger, the microcontroller give out output signal to the motor and moved until the flex value maintain its value for a range of time before the motor stopped. The semi-active mode used single signal from EMG sensor to activate the device for gripping activities.
On the other hand, the active mode flowchart program shown in Figure 8 . Instead of using single EMG signal to activate the device in semi-active mode, active mode required user to continuously feed the EMG signal to activate the hand grip assistive device. From Figure 8 , the program consist of the iteration of acquiring EMG signal, compare it with the threshold value then motor moved in limited range. The iteration continuous until the flex value maintains its value for a range of time and the motor stopped. 
Device Workability Test
The test was conducted to verify the workability of the hand grip assistive device with the new control system. The test was conducted to ensure the safety of the device before experiment it with old people.
For the device workability test, one normal subject age 24 years was selected. The subject was required to do two tasks for each mode. The tasks were consist of gripping with empty hand and with cylindrical shape object. The objective of the tasks was to imitate the grip motion by hand. The subject also required to purposely use minimal strength in this test in order to imitate hand weakness of the old people. The test was carried out, and the flow of the test shown in the Figure 9 . 
Results and Discussion
As the electromyography signal level always changing due to certain cause such as skin thickness, different placement of the electromyography sensor electrode, different user and many more, the auto calibrate threshold value was required. Thus, threshold calculation program was developed to produce the threshold value through setting exercise. Figure 10 shows the electromyography signal during threshold calculation step.
Figure 10. EMG signal during threshold calculation
During the exercise, the user was required to open and close their fingers for several in times in the time range that was set. Then, in the threshold calculation program, the electromyography signal was separated in minimum and maximum value for each 100 sets of reading. For 30 sets of the minimum and maximum value, average maximum and minimum value of the electromyography signal was obtain. The threshold value was obtained using simple formula below.
Threshold Value = ((Average Max -Average Min) ÷ 2) + Average Min
The threshold value is used for the semi active and active mode program. In semi active mode program, the electromyography signal will act as one time activator for the program. When the electromyography signal obtain greater than the threshold value, the program was activated. Figure 11 below shows the EMG and flex sensor signal obtain from the semi-active mode program. From the figure, when the electromyography signal is high or exceeds the threshold value, the flex signal starts to decrease its value. The flex signal indicated that the finger is in flexing motion as the flex signal value is decrease. The flexion motion was produce by the activation of DC motor of the hand grip assist device. The motor continue to move until the flex signal was maintain at certain value. This happen due to that the flexion was reach to limit and then the motor stop to hold the flexion state.
In the active mode, the user was required to provide electromyography signal for several times to activate the DC motor on the hand grip assist device. When, user move their finger and electromyography signal was higher than threshold value, the motor move and flex the finger little bit and then stop. This step was repeated until the flexion reached to the limit. Figure 12 below shows the electromyography and flex signal during active mode program.
From the figure, it shows that when electromyography signal is high and exceed the threshold value, the flex signal decrease a little bit and maintain at that value. When another electromyography signal value exceeds the threshold value, the flex signal decreased and stops again. This cycle repeated until the flex signal value cannot decrease anymore which indicate that the limit was reached.
In both program, the flex sensor also act as limiter or stopper during gripping session. In the gripping motion, if the flex value constant at certain level, it stop the motor and release the gear to free up the cable. Beside that it also acts as safety indicator in the program that prevents hyper flexion of the finger. 
Conclusion
In conclusion, the hand grip assistive device is a device that is expected to support the old people in their gripping activities. The device is in a form of a wearable use to improve gripping power of old people. The new developed control system, implementing two sensors which electromyography and flex sensor. The control program consists three main parts that are threshold calculation program, semi active mode program and active mode program. The modes are for user to select which mode suitable for them. This new control program allow user to not over depended on the device and try to active the device by moving their own finger. It is hope that the new control system for the hand grip assist device able to improve user experience in using this device.
